1. Intracellular electrolytes, and erythrocyte membrane adenosine triphosphatase (ATPase) activity, was studied in twenty patients after renal transplantation.
Introduction
The maintenance of a normal sodium and potassium concentration within the human erythrocyte requires the continued active efflux of sodium from the eryCorrespondence: Dr Craig H. Cole, Royal Victoria Hospital, 687 Pine Avenue West, Montreal, Quebec, H3A lAl, Canada. throcyte, coupled with the active influx of potassium. The energy for this active sodium-potassium exchange comes from a ouabain-sensitive adenosine triphosphate-hydrolysing enzyme system present in the erythrocyte membrane (Katz & Epstein, 1968) .
Patients with chronic renal disease have a decrease in the activity of ouabain-sensitive adenosine triphosphatase (A'I'Pase-' ') in their erythrocyte membranes, which seemingly derives from the action of an as yet unidentified circulating toxic factor or factors (Cole, Balfe & Welt, 1968) . This decrease in ouabain-sensitive ATPase activity, which is coupled with a decrease in sodium effluxfrom the erythrocyte and with an increase in erythrocyte sodium concentration, has been reported to be reversible by long-term haemodialysis (Welt, Smith, Dunn, Czerwenski, Proctor, Cole, Balfe & Gitelman, 1967) .
The present study was undertaken to determine the changes in erythrocyte membrane ATPase and the changes in intracellular electrolyte composition of the erythrocytes which occur in patients with renal transplants.
Patients and methods
The twenty renal transplant patients in this study had received renal allografts between 1 month and 3 years before the date of the study. All were taking
• (1) A~breviations: ATPase, adenosine triphosphatase; Pi, morganrc phosphorus; PCV, packed cell volume.
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azathioprine, usually about 100 mg/day, and prednisone, usually 42-84 /lmol (15-30 mg){day as a maintenance regimen. Haemoglobin in the patients varied widely from 4·1 to 17·2 g{100 ml. The mean haemoglobin for females was 11'3 g{100 ml and for males was 12'0 g{100 ml. Serum sodium was normal in all patients. Two patients (H.P. and F.P.) had a low serum potassium. Two of the patients (LB. and D.M.) had slightly decreased renal function at the time of the study, as indicated by serum creatinine values of 0·212 and 0·186 mmol{l (2-4 and 2·1 mg{100 mI). The renal function subsequently stabilized in both patients, and they have not required a second renal allograft.
Each of the patients was paired with a normal healthy control at the start of the study. Blood was always drawn from the control and from the patient at the same time, and all studies were done in a tightly paired fashion. Fresh heparinized blood was used in all studies.
Erythrocyte sodium and potassium were measured by washing the cells three times in isotonic tetramethylammonium chloride, measuring the packed cell volume (PCY) of the resulting suspension, lysing the cells in dilute lithium chloride solution, and then measuring the sodium and potassium concentration of the lysate with an Instrumentation Laboratories flame photometer and correcting for the PCY of the suspension. This technique has previously been described in detail (Cole, 1973) .
Assay of ATPase activity was performed on erythrocyte membranes, prepared by an osmotic haemolysis technique (Cole, 1973) , by determining the rate of release of Pi from ATP. The incubation medium for this assay contained, in addition to the membrane suspension, 75 mmol{l Na, 25mmol{1 K, 25 mmol{l Tris (pH 7'45), 1 mmol{l Mg, and 1 mmol{l adenosine triphosphate. Ouabain-sensitive ATPase activity, defined as the difference in activity in the presence and absence of ouabain, was determined by adding 1 mmol{1 ouabain (ouabain octohydrate; Sigma Chemical Co.) to the incubation medium. All determinations were performed in duplicate, and appropriate boiled membrane blank systems were included with each experiment. The amount of Pi released was related to the dry weight of membrane suspension determined on a Cahn electro-balance after 24 h of drying in a vacuum oven.
The statistical significance of all observed differences was assessed by Student's t-test.
Results

Intracellular electrolytes
The mean intracellular sodium concentration in the erythrocytes of the twenty transplant patients was 5·6 mmol{l of erythrocytes (SEM 0'22) as compared with 6·5 mmol/l of erythrocytes (SEM 0'29) in the seventeen paired controls. Two transplant patients were paired with one control in three instances. This difference was statistically significant with P < 0·05. Corresponding values for erythrocyte potassium were 102 mmol{l of erythrocytes (SEM 1'0) for the patients and 100 mmol{l of erythrocytes (SEM 1·3) for the control subjects. No correlation was found between the serum and intracellular concentrations of sodium or potassium (correlation coefficients 0·10 and 0'29 respectively).
ATPase activity
Eighteen of the twenty patients showed an increase in ouabain-sensitive ATPase in their erythrocyte membranes relative to that of their paired control. The mean ouabain-sensitive ATPase activity in the transplant patients was 122 nmol of Pi h-1 mg of tissue-1 (SEM 14; n = 20). The ouabain-insensitive component of ATPase, which is unassociated with active sodium and potassium transport, was not significantly different in the patients [47 nmol of Pi h-1 mg of tissue>' (SEM 8; n = 20)] and controls [52 nmol of Pi h -1 mg of tissue -1 (SEM 3; n = 17)].
The time since transplantation in the twenty patients included in this study ranged from 1 month to 3 years. In Table 1 , the patients have been divided into three groups on the basis of the time since transplantation. The mean ouabain-sensitive ATPase activity in the six patients who had received their transplant less than 4 months before the time of this study was 156 nmolofPi h-1 mg of tissue " ' (SEM 29). In four patients who had been transplanted 4-8 months before the time of the study, the mean ouabain-sensitive ATPase was 122 nmol of Pi h-1 mg of tissue-1 (SEM 42). Ten of the patients had received a kidney transplant more than 8 months before the time of this study. The mean ouabainsensitive ATPase activity in these patients was 103 nmol of Pi h-1 mg oftissue-1 (SEM 12). The increase in ouabain-sensitive ATPase activity was statistically significant (P < 0'02) relative to the activity in paired controls whether the transplant had been performed Results are expressed as nmol of Pi h-1 mg of'tissuer ".
< 4 months before the time of this study, or more than 8 months before the study.
Discussion
The reason for an increase in the ouabain-sensitive component of ATPase in the erythrocyte membrane after renal transplantation is not readily apparent. One possibility which must be considered is the administration of immunosuppressive agents. AIl the renal transplant patients were taking daily steroids, which may influence intraceIlular cation concentration (Woodbury & Koch, 1957) . Preliminary observations on patients receiving steroids for other reasons do not suggest that changes in erythrocyte membrane ATPase result from this form of therapy. Glucocorticoids, 6-mercaptopurine and azathioprine were found to have no effect in vitro on erythrocyte membrane ATPase activity.
The increase in ouabain-sensitive ATPase was most marked in the patients studied in the months immediately after transplantation. This suggests that the increase in ouabain-sensitive ATPase may represent a 'rebound' or 'overshoot' phenomenon. Before renal transplantation, a large percentage of uraemic patients have a decrease in erythrocyte membrane ouabain-sensitive ATPase (Cole, 1973) . A haematopoietic system long subjected to uraemic suppression may produce erythrocytes with increased ouabain-sensitive ATPase activity once that suppression is removed.
Young erythrocytes have a higher activity of ouabain-sensitive ATPase than do older erythrocytes (Whaun & Oski, 1969) . Thus an increase in erythrocyte membrane ouabain-sensitive ATPase could be explained by the presence of a young erythrocyte population. Preliminary observations, however, using hexokinase activity and reticulocyte count as indicators of the age of the erythrocyte population, do not support this hypothesis.j'Ihere was no difference in ouabain-sensitive ATPase activity between those patients who had a reticulocyte count less than 2·5% and those who had a reticulocyte count over 2'5%.
We have not had the opportunity to study cation fluxes directly in these patients. It has been well established that the sodium-potassium-activated component of ATPase is responsible for active sodium effluxand potassium influx at the erythrocyte membrane. These transplant patients tended to have a low concentration of sodium and a high concentration of potassium within their erythrocytes. The decrease in intracellular sodium was statistically significant (P < 0'05), whereas the increase in intracellular potassium was not. The possibility exists that direct measurement of sodium and potassium fluxes might reveal other abnormalities in active or passive cation transport in the erythrocytes of patients after renal transplantation.
